The determination of the chemical structure of a molecule is a premier step in chemistry. In the past century, different spectroscopic tools, such as nuclear magnetic resonance 5 , electronic and vibrational spectroscopies [6] [7] [8] , have been routinely employed for structure characterization. The combination of rich spectroscopic data and chemical intuitions helps to identify the basic chemical groups or specific chemical bonds in a molecule. However, the lack of spatial information has made it very difficult to firmly determine the placement and connectivity of the chemical groups from the spectroscopic data alone. Scanning tunneling microscopy (STM) [9] [10] [11] and atomic force microscopy 12, 13 have the remarkable ability to visualize the molecular skeleton, but lack of sufficient chemical information required for chemical structure determinations. Such deficiencies can in principle be overcome by a combination of scanning probe microscopy and Raman spectroscopy, as demonstrated by the tip-enhanced Raman spectroscopy 1, [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] [25] [26] . By taking advantage of the strong spatial confinement of the nanocavity plasmon [27] [28] [29] The experimental setup is shown in Fig. 1a , in which a single Mg-porphine model molecule adsorbed on the Ag(100) surface is excited by a confined plasmonic field generated at the apex of a Ag tip with atomic sharpness (see Methods and Extended Data 
in which g(r−R0) is the confined field distribution function centered at the tip position R0.
In the representation of atomic orbital basis, the wavefunctions of the ground and excited state can be described by
respectively. Thus, (Fig. 1e ) and the presence of sp 2 carbon atoms involved in C-H stretching vibrations (Fig. 2e) , the absence of detailed structures within the lobe itself suggests similar Raman polarizabilities over the lobe. In other words, the electronic density over the lobe is likely to be polarized together, thus suggesting a conjugated ring structure. The SRM images in Fig. 3b for the four vibrational modes also reveal the phase relations between the vibrations of these four conjugated rings. The sharper contrast of four lobes for modes 1359 cm −1 and 1463 cm −1 , together with negligible intensities inbetween the lobes and at the molecular center, suggest a destructive interference associated with the anti-symmetric vibrational motions between neighboring rings. By contrast, the other two images at 1377 cm −1 and 1499 cm −1 exhibit a smaller contrast with considerable intensities between the neighboring lobes, resulting from a constructive interference associated with the symmetric vibrational motions. Moreover, the measurable intensities at the molecular center for these two symmetric modes clearly imply the presence of an atom in the center that is chemically connected to the rings (Fig.   3a) . This is based on the fact that the molecular cavity size is over 4 Å, much larger than the 1.5 Å spatial resolution, consequently, the interference effect would be too small to generate the intensity in the center. With the help of Raman frequency analysis shown in 
